Inhibition of receptor-coupled adenylate cyclase by hormones is proposed to be associated with GTP hydrolysis. Since adenosine inhibits cerebral-cortical adenylate cyclase via A1 adenosine receptors, the present study attempts to verify this mechanism for Al-selective adenosine derivatives. In guinea-pig cortical membranes N6-(phenylisopropyl)adenosine (PIA) increased the Vmax. of the low-Km GTPase, with an EC50
INTRODUCTION
Stimulation and inhibition of adenylate cyclase by hormones or transmitters are GTP-dependent processes, and both are associated with stimulation of a low-Km GTPase [1] [2] [3] . Ample evidence has been presented that the responsible guanine-nucleotide-binding proteins, N.
and Ni, are GTPases [4, 5] . Receptors for adenosine have been identified in the rat cerebral cortex [6, 7] ; these are coupled as inhibitors to adenylate cyclase [8] and regulated by guanine nucleotides [9, 10] . Thus receptormediated inhibition of adenylate cyclase may be an expression of a fundamental action at the level of an associated GTPase. The present paper demonstrates that typical adenosine-receptor agonists stimulate cerebralcortical GTP hydrolysis in a similar manner to that shown to occur in fat-cell membranes [11] .
Preliminary results of this paper were presented at the 26th Spring Meeting of the German Pharmacological Society [12] . was generously given by Byk Gulden Lomberg (Konstanz, Germany). R-PIA, S-PIA, CHA, creatine kinase (EC 2.7.3.2), adenosine deaminase (EC 3.5.4.4), phosphocreatine, 2'-dATP, cyclic 2'-dAMP and Hepes were purchased from Boehringer (Mannheim, Germany). All other reagents and compounds were analytical grade or the best commercially available products.
MATERIALS AND METHODS Materials

Cerebral membrane preparation
The cerebral cortex from freshly decapitated guinea pigs was freed from white matter and pial vessels and homogenized in 5 vol. of 10 mM-Hepes (pH 7.5)/I mMMgCl2/0.25 M-sucrose in a glass homogenizer with a Teflon pestle (ten strokes, setting 6). The homogenate was centrifuged at 9000 g for 10 min. The supernatant was centrifuged at 37000 g for 10 min and the resulting pellet was washed three times in the above-mentioned medium without sucrose, and then taken up at a protein concentration of about 2 mg/ml and stored in liquid N2.
Protein was determined by dye-binding (Coomassie Blue G 250) by using the Bio-Rad assay kit.
GTPase assay
The GTPase assay was carried out as described by Cassel & Selinger [2] , as modified by Aktories et al. deaminase/ml, 0.2% bovine serum albumin, [y-32P]GTP ('0.1 yCi) and unlabelled GTP at the indicated concentrations. The reaction was started by the addition of a diluted prewarmed suspension of the cortical membranes (5-10 jug/50 id). After incubation for 5 min at 25°C, the reaction was stopped by the addition of 700,1 of ice-cold sodium phosphate buffer (pH 6.9; 20 mM) containing 5 % (w/v) activated charcoal. After centrifugation (1400 g for 10 min), the radioactivity in a 500 #1 sample of the supernatant was determined by terenkov radiation.
The data obtained in the isotope-dilution experiments were analysed by non-linear least-squares curve fitting, assuming the presence of two independent enzymic activities. A weighting subroutine was included in order to correct for the non-homogeneity of the variance. All calcula-tions were carried out on a PDP 11/10 computer. Adenylate cyclase Enzyme activity in the guinea-pig cerebral cortex was determined as previously described [13] , with dATP as enzyme substrate. All assays were performed in triplicate. The membranes were preincubated with 1 unit of adenosine deaminase/ml for 20 min at 37°C to remove endogenous adenosine. After incubation for 2 h at 37°C the mixture was diluted with 2.5 ml of the ice-cold buffer mentioned above, and immediately poured on to Whatman GF/C filters. The filters were washed with 2 x 5 ml of ice-cold buffer and transferred to scintillation vials. Non-specific binding was defined as binding not displaced by 10 /LM-CHA. RESULTS 
Adenylate cyclase activity
As described for the rat cerebral cortex [8] in the presence of 400 ,pM-GTP, as described by others [1, 2] . By this procedure the kinetics of the stimulatory effect of R-PIA on the low-Km GTPase were evaluated, as illustrated in Fig. 2 In the concentration-response curves, the stimulatory effect of R-PIA on the low-Km GTPase was compared with the effects of NECA and S-PIA, further typical agonists at the adenosine receptor (Fig. 3) . A constant GTP concentration of2 /M was used in these experiments. Calculation of the apparent EC50 showed that these compounds stimulated the enzyme with a rank order of 
DISCUSSION
The results presented here demonstrate that adenosine stimulates a high-affinity low-Km GTPase in cerebralcortical membranes obtained from guinea pigs. Stimulation of GTP hydrolysis appeared to result from the interaction of adenosine with its receptors. The typical adenosine-receptor agonists CHA, R-PIA and NECA caused half-maximal stimulation of the low-Km GTPase at concentrations of 0.1 tM (CHA, R-PIA) and 1.0 /LM (NECA) and are competitively antagonized by the methylxanthine8-phenyltheophylline,findingsinexcellent agreement with the potency displaced by these compounds in experiments on rat cerebral-cortical adenylate cyclase [8] . Furthermore, a similar rank order of potency, PIA stereoselectivity and methylxanthine antagonism are reported in several adenosine-receptor-binding studies \ carried out on rat and guinea-pig brain membranes [6, 7] .
Hence adenosine stimulation of GTP hydrolysis appears to be tightly coupled to receptor occupancy, a suggestion put forward by Aktories et al. [1 1] in studies on fat-cell membranes, a preparation likewise containing A1-adenosine receptors. It is probable that the stimulatory effect of adenosine analogues on low-Km GTPase and the guanine nucleotide effect on radioactive PIA binding [9, 10] result from the interaction of the adenosine receptor with the same guanine-nucleotide-binding moiety in brain membranes. PIA stimulation of GTPase occurred at GTP concentrations (with a Km of 0.7 gM) which are similar to the respective IC50 ofGTP in inhibiting [3H]PIA binding [10] , as well as with the half-maximal GTP concentration necessary for PIA inhibition of adenylate cyclase [8] .
The increase in low-Km GTPase in response to the adenosine analogues is relatively small, at most 50%, which is in the range reported by other authors for hormone-stimulated GTPase in different membrane fractions [1-3, 11, 14, 15] . On the basis of the affinity of adenine nucleotides to adenosine receptors [13] , we propose that stimulation of low-Km GTPase is underestimated, since the GTPase assay system contained high concentrations of ATP and p[NH]ppA. The latter compound acts as an inhibitor of non-specific GTPases [2] . Our hypothesis would imply a decrease in basal enzyme activity on addition of the adenosine-receptor antagonist 8-phenyltheophylline, which, however, was not the case in the present experiments. On the other hand, it becomes evident from the competition-binding studies that the IC50 of p[NH]ppA to [125I]HPIA-labelled adenosine receptors is rather low (7.9 #M), being one order of magnitude below that of ATP (see Fig. 5 ). The present study was supported by the Fond zur Forderung der wissenschaftlichen Forschung in Osterreich.
